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Last year demand for GaAs wafers soared, 
but limited supply of pUium meant that its 
price tripled from US$5oo/k~ to US$~5oo/kg. 
The cell-phone slowdown has cut this slightly 
but. with pUium production now expanding, 
will pricing return to a more stable, lower level? 
Gallium shortage easing 
Figure 1 Graph showing the 
GaAs substrate market from 
1998-2000, and the forecast 
to 2003 (source ABM Amro). 
Due to the boom in GaAs device markets over 
the last few years (for both RF ICs and LEDs), the 
GaAs wafer market grew from US$2OOm in 1998 
through US$260m in 1999 to US$330m in 2000, 
according to ABM Amro.They forecast growth of 
30% to about US$420m in 2001, US$580m in 
2002 and nearly US$8OOm in 2003 - see Figure 1 
(although the forecast for 2001 may be revised in 
the light of the recent slowdown). 
Also, since 1998 several wireless RF IC chip mak- 
ers have accelerated their transitions from 4" to 
6" wafers Oincludlng Vitesse,ANADIGICS, 
Motorola, Infineon and Filtronic Compound 
Semiconductor, and followed more recently by 
Taiwanese foundry WIN Semiconductors). 
Revenues from 6" GaAs wafers grew 16-fold over 
the five quarters from Q4/99, says wafer supplier 
AXT Inc (Fremont, CA, USA), while Strategy 
Anatytics reckons that 6" wafers accounted for 
26.3% of all semi-insulating GaAs wafer sales by 
area in 2000 (compared to 64.6% for 4" and just 
9.2% for 3'9 - see Figure 2. 
Figure 2. Breakdown of semi-insulating GaAs wafer sales 
by wafer diameter (3", 4" and 6") for 2000 
(source. Strategy Analytics). 
However, as well as any lack of readiness of 
specifically 6" wafer manufacturing, the overall 
increase in demand outstripped supply, due to 
(a) a 9-12 month delivery lead time for Liquid 
Encapsulated Czochralski (LEC) crystal pullers and 
(b) a limited supply of virgin gallium. Last year 
wafer manufacturers such as Freiberger Compound 
Materials therefore had all their available capacity 
sold out for up to a year in advance. 
This shortage has had three effects. Both the- 
wafer manufacturers ( ee panel 1) and the 
gallium suppliers have been looking at increasing 
capacity more rapidly. In the meantime (despite 
the fact that, historically, substrate cost decreases 
8-10% each year), the cost of both wafers and 
gallium has risen, and the shortfall in virgin 
gallium has led to a doubling of the rate of 
GaAs scrap recycling (see panel 2). 
The price of gallium had been about US$165/kg 
since 1993, and from 1995-98 it was US$5OO/kg. 
Despite this, Dowa Mining said in 1999 that it  
was asking no more than US$450-500/kg for 
high-purity (6N) gallium, on the grounds that 
high prices might encourage use of alternative 
materials (e.g. SiGe for wireless devices). 
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However, due to the increase in demand during 
2000, this couldn't  stop the pr ice of  ref ined in 
early 2000 gall ium tripl ing to a contract pr ice 
of about US$1500/kg (and rising even as high 
as US$2500/kg on the spot market, e.g. for small 
quantit ies old to epi houses).This has made 
the need for stability of  gall ium supply and in 
early 2000 pricing even more urgent. 
Gallium supply 
Gallium is not found in economic oncentrations 
in natural minerals and is not  mined directly. 
Apart from minor  contr ibut ions from the pro- 
cessing of  f lue dust, over 90% of gall ium is 
obtained as a by-product of  aluminium produc- 
tion (by extraction from bauxite ore deposits -
mainly in Kazakhstan and Russia - containing 
only about 50 parts per  million), and some as a 
by-product of  zinc smelting (a more expensive 
method).  Unfortunately, this means that the 
supply is control led by demand for aluminium 
rather than gal l ium.About 95% of gall ium is 
used in GaAs. 
Although commercia l  recovery of  gall ium began 
in the US in the 1940s, there has been noUS 
product ion of  virgin gall ium for several years, 
according to the US Geological Survey. 
According to the report  "The Economics of  
Gallium" (6th edition, 2000) from Roskill 
(Tel: +44-20-7582-5155), there are only a few 
main suppliers: 
• GEO Gallium (the biggest supplier of  virgin 
gall ium from aluminium) - formed fol lowing the 
acquisit ion GEO Specialty Chemicals (Cleveland, 
OH, USA) in September 1999 of the plants of  
Rhodia SA (formerly Rhone-Poulenc) in Stade, 
Germany (which extracts 4N gallium from import- 
ed crude feed material) and Salindres, France 
(which refines it into 6N, 7N and MBE gallium); 
• Dowa Mining (Tokyo,Japan) - the only supplier 
to refine from zinc production, though it supplies 
most by recycl ing scrap GaAs; 
• Pavlodar aluminium plant (Kazakhstan); 
plus several others in the Commonweal th  of  
Independent  States (though product ion is less 
than a third of what  it was before the break up 
of the Soviet Union) and two Chinese compa- 
nies, Shandong Aluminium Corp and Emei 
Semiconductor  Materials Factory. 
Demand rose from 156 tons/year in 1998 to 
167 t/yr in '99, including 109 t/yr from Japan 
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(mainly for LEDs) and 40 t/yr from the US. But 
supply of prime gallium remained about 70 t/yr. 
The difference was met by gallium recycled from 
GaAs scrap. Dowa says the total supply was 157 t 
in 1998 and 166 t in '99 (roughly balancing 
demand). 
However, Roskill forecasts that demand will rise 
to 285 tons in 2003 and 350 tons in 2008 (partly 
from new GaAs manufacturers in Taiwan as well 
as for nitride-based white LED lighting).This 
will lead to a likely shortage of gallium. 
Freiberger's managing director Tilo Flade 
estimates demand in 2001/2002 to be 245 t/yr 
(not including gallium used for GaP, GaN 
epitaxy etc). Estimated production capacity of 
prime 6N/7N gallium in 2001 is only 81 t/yr. 
However, the capacity for recycling allium is 
175 mt/yr, bringing the total to 256 mt/yr. Flade 
concludes that aluminium-smelting producers 
of prime gallium can solve the gallium-shortage 
problem at least in 2002 and, due to the current 
reduction in demand, perhaps also in 2001. 
Also, Roskill reckons that - assuming that 
recycled material continues to meet 50-60% of 
world demand - by 2008 recycled gallium needs 
to supply 150-230 t/yr and prime gallium 
120-200 t/yr. However, this potential 45-125 t/yr 
short-fall in prime gallium will partly be 
covered by planned increases in capacity. 
Expansion of gallium supply 
In 1999 Dowa announced it was doubling refin- 
ing capacity to 100 t/yr (with a new plant in 
Akita City, Japan), while this year GEO will dou- 
ble refining capacity in Stade, Germany to 40 
t/yr, Recapture and Eagle-Picher have also 
increased their capacities. 
Also, in March GEO said it plans to spend US$40m 
(AUS$77m) on the world's largest gallium 
extraction facility (to produce 100 t/yr) in Pinjarra, 
Western Australia (to be on-stream in Q2/2002). 
This will use bauxite liquor pumped fromAlcoa's 
Pinjarra aluminium refinery 5 km to the north. 
In fact, this was first opened in 1989 by Rhodia 
as aAUS$50m 50 t/yr plant (exporting most gal- 
lium chloride for refining in Salindres, France), 
but mothballed first in only September 1990 
and again (after recommissioning in May 1996 
for AUS$5m) as soon as July 1997. Each time 
this was due to over-supply (after consumption 
peaked in the mido9Os and Japanese consumers 
started sourcing 6N gallium from recyclers). 
World demand was only 90 t/yr compared to 
the plant's then capacity of about 30 t/yr (one- 
third of total world production of 100 t/yr). 
"Our new facility will help stabilise the world- 
wide supply and demand for  gallium", says 
GEO Specialty Chemicals' CEO George Ahearn. 
Also, aluminium producers investigating prime 
gallium production include Shanxi Aluminium 
Plant and Greatwall Aluminium Corp in China 
(although the latter has contracts with Sumitomo 
and will only supply a small proportion on the 
merchant market) plus several in India. 
It is also likely that greater efficiency in gallium 
recovery, and the preferential selection of con- 
centrate ore supplies, would lead to increased 
improvement in the alnminium:gallium recovery 
ratio, reckons Roskill. 
In addition, in April Canadian gold prospecting 
company Gold Canyon Resources was granted 
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an opt ion from Tech Industries for explorat ion 
in Nevada, USA. Geochemical  sampling by a pre- 
vious operator  identif ied two deposits w i th  10- 
50 ppm gallium. Gold' Canyon is also looking at 
a site in Washington where a previous operator  
found deposits wi th  10-40 ppm of gallium. 
One wild-card is that, since 1997, Russian scien- 
tists have held 55 t of gallium in a detector at the 
Baksan Neutr ino Observatory. Russia's State 
Research, Development and Design Institute of 
Rare-Metal Industry (GIREDMET) has taken the 
observatory to court to get hold of about 6 t, 
claiming the facility is "squandering" or hoarding 
the metal. 
Effects of the slowdown 
However, according to AXT, after the s lowdown 
in the wireless market over the last 6 months  
"GaAs wafer supply is still tight" (mostly due to 
demand for LEDs) but shortages are easing as 
util isation at 6" GaAs fabs reduces (with 
Motorola said to have cut 6" GaAs throughput  
from a few thousand wafers per  week  to just a 
few hundred).  
The current  pr ice of gall ium on the spot market  
has fallen back from a peak of US$2500/kg to 
US$2000-2200, according to Eagle-Picher, whi le 
the bulk price has fallen to about US$1400-1500, 
says Flade.The price will probably not drop to 
the old pr ice of US$500, but "must go under  
US$1000," he adds. Flade warns that it is in the 
interests of the industry to aim for stable GaAs 
pricing, as h igher pr ices lead to compet i t ion 
from materials uch as SiGe. 
Future demand met by 8"? 
In the longer term,one prospect for both meeting 
future demand for GaAs and reducing costs is a 
transit ion to even larger 8" wafers (matching 
the current  predominant  sil icon wafer size). 
According to Freiberger's Flade, growth of 8" GaAs 
wafers is not only "possible" but  "necessary". 
The industry's first growth of semi-insulating 8"
GaAs boules has been demonstrated by LEC 
wi th  structural and electrical homogenei ty  com- 
parable to standard 6" LEC crystals, but  
Freiberger will also develop 8" VGE However, 
new wafering equ ipment  is needed. He esti- 
mates it will take 3-4 years to develop usable 8" 
GaAs wafers, and aims to supply large quantit ies 
in 2005-2006. (ALXTRON president Holger 
J i i rgensen also ment ioned separately at 
February's Compound Semiconductor Outlook 
2001 conference in San Diego that he anticipat- 
ed 8" GaAs wafers being used in 2004.) 
So, even though wireless GaAs IC manufacturers 
have cut back significantly dur ing the near-term 
s lowdown, thanks to growth in LED markets 
and the ant ic ipated return to growth for wir- 
less, gall ium and GaAs wafer suppl iers remain 
bull ish about the future demand for GaAs and 
the economics  for wafer supply. 
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